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(54) ixmm] 7.\:>:i->^77.mmmcmmmvit^^mm&m<oz^^j::i>mmmm»m 



(57) [^*^) 

hj:t**B< VLSI mmmmwin-T >y r^si-rs 
^ t *^*-c'# c V D sfbMfc ^«WKis]-^iftt^ ^-r ^ 

(SiH2NH)„-(^*. n{i:iEc^^T*>l.)T'J>') 
Mfi¥J^*^ i:*^' 4 0 0 0 ^> 8 0 0 0 T'J) 0 M¥l^ 

4. 0-C3^S)KUy5-ryS:-^tfSOG?§fS^M^|}t 

T , ¥a^:^ 1 S O om-IB^-fh , ^ 1 S O GIS:* 

ymm\3^-k^^-fh. 
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m}^i)^- (SiH2NH)„-(5*:tt'n JiiEcOSIfcfJ) 
I. ) t'S> 0 . MTlfe)^)-^**^'4 000*>^)8000T 

i=^»^J-^p36«3 . 0*>^>4. 0•C^feS>"?>'^-^ Ho;Ky v5 

if 1 0*^(^3 ommt. 

mm9 oi)>h 7 ommt^-ttsx\^yty:^'y:^mi 

[i«^iS2] m^ii^v^yMmi}^h]^yi'^miL-t 

{46 0 0 0*»ii8 0 0 0-CJ>I.C: t Sr^Sfct l.iS^ 
^«{44 0 0 0*»/o 6 0 0 0 X%i>Zt^W[tthWl 

imi i,zimcr)X\:y:^y:^'yxmi^. 

^H'*{44 5 0 0*>A. 7 5 0 OT*l>C: fcS-^Stfc-t'S 

[if 5 ] MIB^NVN'f K n-it 'J i/7ifyomK{4 1 
8*><^,2 5MXTfcO> HinE?§iKJ48 2*>4>7 5MZ 
c: t i:mLktim^miztmff)X\;y:^y/f 

-tm^ 1 izEm<^x\L'y^y:(fyxm.^, 

%^^^h^fkm,t^hmm\\,zwmx\:yii 
y^^xmm, 

[ii«JS8] y-ym, vy. s^av^ 

cox b- y ;r y xffl^tt. 
[if«3S9] frlB?§«5{4. ^i^uytfziii^^i-ii^x. 
-T/ux'h^zt^w&t-rmsmiizim(ox\;y 
:^y0yxmm9. 

H!imiis.ff)±mm^i}^- ( s i HzNH) „ - (^^riti 
mcomm-hh ) X'h '3M¥i^iH^***4 ooo-b^h 

8 0 0 O-C'J) OSa^feJ^^i^lfc J:l/^l!t¥ft);5i-^«tfOib 
t'J)l.^^«^^^fiA^3. 0«^<^4. OX-hh-^')'yy^ 
y^tKsx\::y:iyiiyxmmim^L. Wj:x\:y 
:^y:fiyxm:mm-hmkt. 
mix\^yity:Vyxm^m^L. ¥a^^ffi5r*-fi> 

[fi^^ii] m.^^y^ym:^Wiim.Lxi^ 



"J 3 yK^tii^jgit-rsgaiigJi. 1 0 0 A^A> 5 0 o-cc^ 

mxw, 1 «ssiii^(i'^-=sf , 4 o o*> 
1 2 0 ox^ff)m.x't^2m^\,z±K-i^yir-t^m§ 

t Sr^tf C t t tSif*3S 1 0 l=iB«0^f^ 

[ft^ 1 2 ] fnB±'<^-=f y^^timx'ii. wm 

*/^{4^S#ffl^<^V^-fiX*»T-l 0*><c. 1 8 OtJJ-ra^- 

^yyim-r^^timit-rifmmi nzim<^ 

[iS*« 1 3 ] mmx\i'y:t-y:ff^xmmii. 5 4*» 
<c>4 2 0s-l«•tJ:^B^3i«T'l*>^>10mPa • s<0- 
MUzf^&^^tlZ t Sri^fc 1-1.18*31 1 0 iztm 

[if*JSl4] miii^Uaym^m<^mMi. 4 00 
0*>(b6 5 0 OA-C'J)I.C:t S:!!faitt-rSlf*3Sl Otc 

[ii*s 1 5 ] friBanaJti:, '>^< t h--^cmm 
^n^-yizx-^xmm^tLhzbimwLt-tm^m 

1 0 tiBii<oi|i^lftlia^^ V u 3 vK^bllom^ra. 

[»*« 1 6 1 BfllBZ'O<0gimi4A-^-y<^^(^I©i 
{4, 0. 0 4f)^^lfxmX'hhZbimLbi-hm^ 

1 5 fciBmo^H^flsngo V- «j a ymmm^-m, 
immi 7 ] ffiBSnsufi. tx'*.^' Mt3&<5 : 1 

ij^^lO: lX'h^Zti:mt-tm^l5IZ^ 
[ ii*« 1 8 ] mii^mi. 7x^^ ^ itj&5 5 : 1 

1 0 : lT*>S?g«fglll«a5i: . TX^^ hJt*«l : 
[|f«^ 1 9 ] HulBro<?)^«ftA-^-y{4, frIB* 

t imt-t&mj^ 1 5izsm<omm&m<oi^v a 
[|fi*fl2 0 ] mmx\:;y^y:ffyxmmi:m^i-i 

mtcM-fbv U 3 yHI: 200*><:>600 AOJ?;^tcm 
■fl.Sli§S:$^>t^tfit^!^fc-f-l.iS*«l OtIB 

mco^i^mm<^i^o-3ymmmmm. 
imm2 1 ] msix\^y:ty:^yxmwni. a' jji 

T<7)3 y^' hft S:Wtl.C: i: Srmt •ri.ll*«2 0 

[tt*«2 2 ] ■mix\iy^ymxmwAt. t^^ 
m. y-ym. vy. 

tZb irnmbi-im^ 1 0 fclEiJ<Oi|^i*^S«Ov 

'J3yS!{k)ioi?js:^a. 

[!»*« 2 3 ] mamm^mmmsi^mmm^cr) 
±mmmzx'yi-y^^ixhuyi-mm-r^m 
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^'ti>m^i. 1 0 o*>/j> 5 0 o'Cioffijr?^«i'<.-^ 

yi^tlBl^b . 9 0 0*^^> 1 0 0 0'C(Om.X'±K- 

^y:/-tmmi'^tizbi'mti-mi^i ot 
[11^3124] tmx}:;y:^y^yxm)o-h(OJV\ 

^ Vu^tcU i^y-fycoMMW-^^m. 6 0 0 0*><^ 

y:^y:iffy:^mmiiy-hmm^^-^izmo x 0 izm 

miix\^y^y:^ymimitix=^oziym'{mtm 
^t&ma. 1 0 0A»4> 5 0 o'C(o^mx'^m<-^ 
yi^timt. 6 0 0*^^9 0 0'C(7)iaK-c±'<.-dE- 
y^thmti-ttiZbimLbtmHimi otcia 

Hn^ry y^oMT^M-^att. 4 0 0 0 ji^^o 

6 0 0 0T'3il.C i: Srittrnt-ri. 115^312 5{c|B«<^ 

[ ii«3S 2 7 ] B(iiasiia5cojgfiR{±ffiMas«^±fcais: 

y:^y:(fyxmmsi^WM(^^'^^-y^^izmo 

mix\^y:i-y:^^xmt:mi\LLxi^v ^ymmm 
mi>mni. 1 0 o*>/i> 5 0 o'cco^iSL^x'^m^-^ 

yy-fhW^b , 4 0 0 *>/^> 4 5 0°C(7)SST'±'<.-^ 

>^-ri.g|!gt i: &#mt-ri>iff*fl 1 0 tcie 

^ Hn;K'J x^-f ^oa*Tfe)t5i-1^«{i:. 4 5 0 0*>^> 

7 5 0 0rS>S t Srlflt i: -rSiS** 2 7 {ClEK^O^ 

[i»^3S3o] mii^'}^ymmt^yvy^i:m± 
4(i 6 0 0 0 *>^> 8 0 0 0 -c&s c ?:!ttii t -ra if* 

3S2 9{cfSt!JO*«*^a, 

^^^«{i4 0 0 0*><;> 6 0 0 OX'hh^btiW^b-th 

mm2 9f.zm,<7i^mm.. 



^:5i-i=^*{44 5 0 0*>ii> 7 5 0 OT'fc&vl i: «-!Rf€Si:-r 
1.11*352 9(::iei!5<0^«J^B. 

[it*«3 3] mmmi. ^i^vytfzi,i'j:r^)v 

:L-riVX'hh:ib-kmLbthmm29\.zmjir^ 

i8*»<9 2 5a«i;-cfco. mmmi82i}*hi 
mx'hh^b ^mib-thmm2 9 fciBSto^ii^ft 

[it*^3 5 3 mi:^\iyityif'7xmmiM. 54 

*>^4 2 0s-'^0•<i:^|lf3iJ^T'l*><^l OmPa • s<r) 

-^mmt-Th z b t:mb-ri>mtm 2 9 tiagi 

[tf«3S3 6] mi:x.\^y^yjtf^xmmni.T^ 

WLb'rm^m2 9tciam<:o^*iig. 

^zb mmb-rm^ 2 9 ^zMmn^wmm.. 

[000 1] 

(JUT. '■;^ey3j-y;^7;^j IrSOG (Sp i n-o 
n-Gl ass) bW^l) m.m. CltKCjCoTSSjt 

m^-tiiTmizmtih<oTh*). x*)mmzit. ^ 
mmm^xnximmb ixm^tii v u 3 ymit 

yty:(fyxmmmzixi:mm uzi^v 3 yij^tK 

[0002] 

Mm^Riz^-ox. ^^mkmiimmiz^ix\>^ 
^<ommm\.zii\^x. ^w.mM-m\.zm^h 
b mi,z±^m.m^m)] ^^t hzb m^^tih . 
z(oj:o^j:mtmtx^mm&siim&. mm. 
x^mmm^i^±^-^hijmz^msifi^Lx\^ 

[0003] m!m^'W^thtz>h\.z\t. *-»br<^ 

\mwm.^tihf<^%x'hh¥. Whm'^m.t'\^h 
fzMzii, mmxmc^'^&'pX'^^m^F^m^mizms.m 

^W, (muti level interconnect 

ion) mmtti . z<7)x 0 ^j:^mmmm.T. it 

IS[(number of layers) ifiWS^ii iZ 
«!-:>T. SJJi (top 1 aye r) <?)J^*^ (top 
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0 g r a p h y ) ii-BBWtmX'ilSZ ( u n e v 
en) it^tli>. 

[0 0 04] mtii. -^ttiii^im^ffy^mmt:^ 

^mm):.iimizmmthti>^<^\^'7 (via) im^ 

th, mimmmmTmmm^x'Ziiz (une 
V e n ) x'h^<^x\ mimw^mcomsmm^x 

aiS^^ y -y^COtzMzW^ (fracture) § 
tl. Ttl^ii)! (underlying insula 
t i o n layer) ±O^SMifB**^Bfc'5rl) . Z 

#«^JS^O^M«ii (mu 1 t i 1 e ve I met a 

1 1 nterconnect ion) Tlit'TiiyiJi 

til. 

[0005] SHffiSilSwTOLtM LTti. U 7 o- 
0!|ftt**SV>BP SG (Borophosphorou 

s Silicate G 1 a s s ) ffi-^S OG ( S p 

in-on-Giass) mmm-ti>m. it^mti 

X't/WM^M (Chemical Mechanic 
al Polishing; CMP ) &^}£ff)^fi<^1j 

[0006] -Mffiic^mE.mico^^ yrumti 
t:ih(0Mfsmmmmb txn. bps Gmmti 

ifmii^!K<mm^tix^fz. bpsgst^^-t 

< > m^tix^^?>:^xti^mxi)^rni-x'^j:<mm^ 
^KAi^^mxk^mnix^^i. 

[00 07] ^C0±, m&cr>2 5 6^yfDRAMmi^J± 

y)U-)Ui)<m:H-hiz^'ox . BPSG^-ffiffltTSia 

±mz khrf') v 'J<r)mmz i. -5 TitZ* A^ffiT L . 

xux'mi^ixi:i^^y^y'/xv-vrmtimmh, z 

[0008] zix\.zR Lxso Gmmm Ltitmm 
m^thj.mt. m&^j:o-T'(yyjimz^m:im 

mi\f. mmms . 310, 72o^(iss 

ued to Shin etal) l/y-fy 

(firing) Lxm{ti^')-:iym^w^^^hiTm 

ii^Wm^tlX\^h . *ll!»itm5 , 9 7 6. 61 
8#( issued to ShunichiFuku 
yama et a 1 . ) ttJiifilSOG^^U;^ 



mm^'^^-mti^m^^ixx^'^i, . 

[ 0 0 0 9 ] ;K'J i^y'fy^ffiSOGMm^^mi^S i 

-N. s i -H, N-Hife-^t::j; m^^ti. mmm/ 

LXi^oa ym^zmm^^^irmimmx n-x 
^ yyirmtmitiMizxKi'ffhti. mmmm^tit 

-om^izm^tihmTii^\.\ (h*#B9¥i i - 

145 286-^#HS) . ^-^X. Mi^tlhi^V::iym 

imii. m^^'om^ix^BPSGm'^TEosfm 
a u a ym-imtim^j:immj/vmm 

[0010] i^-p. xtrya-x-^ v-^i^r^tiOM^B 

y^mmiXhhy~vmw^mwm.<ni:o^j: 

[0011] 

smi. TT.^^ bjt*^'s< VLSI WL<nmmu<^^ 
^vr^m.±'thz.}Lifx:%. mwm:^m.-mk-Sb 

(surface discontinuities) 

^y^-ktsxy^yi^yij'jxmMkW^h z b izh 
[0012] *f|BB<o»2 iWtt. mit::^\;y:^y 

:fjymmimmuzi^mims.<7)i^ v a ymm^ 
m^iTmi:m^-tizti>zhi>. 
mmmm-ifzibcDm] 
[0013] mii<^*mm 1 Bmmtht:»> 

S[±tC, ( S i HjNH) „-(5e4'. ntiiE 

<^^-c'j> -5 ) -C'S) 0 mm-i^^mti^ 4 O O O <:> 8 
0 0 OT* 0«4¥%^ftl3J:t;jRl*%^i-^*<Oife 

*>I.^^Jt^i-=iSA^'3. 0*^^,4. 0-CJ>l»'NVW h'a;K 

'jx^-fyioi^fosomMt. mmoi}>t,7om. 
mt ^'^tix}::y:fy>tf^xm.mm-ri. 

[0014] ^^ma. ? i^l,zzcr>x\^y:^y/f'^xm 

[0015] ±MUz^^m<nm2mmm-it:iij 

gj(surface discontinuitie 

s ) $:^-ri>^*s«<o±{c, ( s i Hj 

NH)„-(5«4', niijE<nmiX'S>l)TmMM.W-i^ 
^S*«4 0 0 0 *><5> 8 0 0 0 -C'* OM¥%^H^tJ 
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[00 1 6] *«cJ:Si:. SOGSrfiJfflLTi^S : 
100 17] 

WiZ. (on or over another mat 
erial, structure, or layer) 

[00 18] wmz^hT^^v^^yiivxmMt. 
m^ifi- ( s i H2 N H ) „ - (5^*, n\m<rm^ 

hl)X'h 0 , MT%^^JI**4 0 0 0*»^> 8 0 0 0 
^«^^li3&*3. 0*»<^4. OX'hh^^^-^-iYxiiP^Jiy 

[ 0 0 1 9 ] ^'J '^'7^y<r)^-}i'mi'^'^X'hh, -ft 

ii:, HX^U/iffio'fiis ( c omp 1 e X compoun 
d) 2rTy^-TtKK$-^-Cl?jS-r«.^i:*^'t'#l>. 
[0 0 2 0] '5-ixmi;i>> SiCL4^;^c(4SiH2C 

y4Ym:^mmLX^'}lyy-fy^zmi:-th-Hm. « 
^^JS^-afii^S (transition metal 
complex c omp o u n d ) J'iSlfflt'CTSy 
-(k-^tli: Li^7 y-fk^ftSriiTk^ (dehydroge 
nation) $-tt§:tr}S^i:>'^ttT'J>l.. 
[002 1] *ll^rFll5. 4 94, 9 7 8^ 
(issued to YasuoShimizu e 
t a 1 . ) t(iStT%^^**^' 100*»f>10000 

ox'hh^T\^') i^y^yimmLx^'&.^ixi^r^'ji^ 
^^y^^:th-mim7r-^tix\^h. 

[0 0 2 2] *il!ftfFSS5. 90 5. 1 3 0-^ ( i s s 
ued to H i r o h i k o N a k a h a r a e 
t a 1 . ) tCti.-KUrS/ j^^Wt-^^t'-K'JA^f K 
uyy^^lXk-^m^^^-^ (polyhydrog 
enated n i t r o g e n - c o n t a i n i n 
g compound) S:iS«Mji£OTT'a£$-t , 
'J/W Hn^'>"ftvy3y'fli-&!B!I (po 1 yhyd ro 
genated silicon compound) 



tJK'jvN^ Yx:iyy-m.m^-^it^iumi.<mm 

K^fb^SjUM (basic solid oxide c 
a t a 1 y s t ) m^TX^m^'^-tXiti^) i^y-fyi 

mmtiumm^^^tix^^h. 

[00 23] ^Itn^i^mS, 436. 398-^(iss 
ued to Yasuo Shimizu et a 
1 . ) lCtSc¥%^^**n 1 2 0-Cftl)/fA>f h'o^K 

[00 24] *II#SFm4, 937, 304-f-(iss 
ued to Ayama etal. )S,t^SS4, 9 

50, 38 1-^ ( i s sued to Takeuch 
i e t . a 1 . ) Uimm(r>^^mi^-t&4i^Ji^y'f 

y<7)m&f3mi}^^^^tix\>^h . 

[0025] :^mTm^tii^v i^'^'fym^ 

•fyiimmzmt-th z t *^-c# i. . 

[0026] ±^Lyi^«0:Srffil:J: OiiBi^iT/^^'?^ 

^ Ha;Ku i^y^y^^^wmmm^mx-hixo iz. 

^^mzm^Mm (fractionation)Sr 

mmL-i^mixmmti, 

[0027] ^^mX'im^iil^^J i^y-fXTiMM^ 
m^ii}<4 0 0 0 J: Oit^^v^h , /Jn$ v^^i^at J: •) 
;^XgC{t (outgassing) K^ti^'J 

miSalX 3-T -f ymiZ±^^til S O GIS<7)j*;- 
It(uniformity) ifT-¥':>XWLtt<^^'^. 
«!-jT, >'NVN'f Hn,i?U >'y^y<7)^mit4 0 0 0*> 

4>8 0 0 0-cS)l., iOftfrwtti, huyi-i^^"/ 
r) tim^thtzMzsoGm^mm-hi^^. 

Yum^} v-^-f y<OMT%8-^*{i6 0 0 0~8 0 0 
0, atL<{i6500-7000T'J)'9. 

^^mcthtz^\,zsoGmim^-th^. ^vw k 
ojK'J 'yy^y<mM.^mf^miA O O 0~6 0 0 
Os a*U<{i4 5 0 0*»'5>5 0 0 0'CftO, :^)St'"«^' 

^ FP^-iJ j/^f >-<0at¥i^^*t44 5 0 0~7 0 

oox:hh. 

[ 0 0 2 8 ] M«^J^^i^Mt|?c¥%^H^*<OJt 

JR$ (Yi e 1 d) *«ffiV^COt'a*L<^r<. 4. 

U<^v\ Ce-oT, 5KUi/5ifyco^i^4^^t43. 0 
*»A>4. 0T*-SC:fc*^mLv\ CicoiEHSr 

[0029] ±JEL/cdf J i^^'fyi:wm%\.zmm^ 

%hmtt Lx\iWkmtti\immmm^^T 
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JPU.»#(lifetime) *<JS^->-ri>^'(tT'^< 
I ^ t , SO G)K<0J?;^iLiHS5*«^f^rt ^iOT'M* U < 
jEL<{il8*^/i>2 5ttl;%T'J>l.. SOG^ 

m'p(Dmm<r>a.iimms^i>ii<^mM^mmiz l-c 7 o 

^>90M%. S^L<<i7 5*»^.82M%-C"S)l). 
[ 0 0 3 0 ] .-K'J x91f y$:-^tfS 0G?§?StiTa5 ( u 
n d e r 1 y i n g ) mmUf'^'J^ySWzniX 

^i'hM<4' x^^z^ifixii. T^mtm^fs (a 

dhe s i on) *m^Of L<^<'\ 
[0031] 3-T y^/Sl/TS^IOlST'aBO^-tt 

lA^/o 1 OmPa • s, at L<lil*^'^8mPa • s 

3SOG?§?S<0li!f^{ki&^L!t^77-C*S. 01^ 
i^^7Ximim& im : mPa • s > SrjSL. 
It^A^mm. ( s -1 ) ^.T^t. II 1 i}'hM>&Xo iZ. 
*^HHtCj:I.SOGS?S{i5 4*>^>4 2 0 (s-i)<0-* 
^B^JiKt'lA>^ 1 OmPa • s<7)-^i?5ttJKS:^-f 

4>1 000 (s-1 ) ^7)•^i:^BI^J2J^•Cl*»^>l OmPa • 

[00 3 21 S0Gmmii2mzJ:'yXI,i. ^-^^^ 7 
•y«. 'Jy. K^^:t'c7)j:^^:7cSSr^tf 

t5loJ:^^7C?l$rSOGJ§?K»Jrfl.«^lc 
{i. soGjgJgj&^Aj^^fiSi^'Jnyij-fUiiq^ifilil^ 
S-^tfClfefc^rO. «!3|WBSGli. BPSGIK. PS 

[00331 ±MmiSL^tlfz^m<nii 0 ^afflco^ 

wm^^th^mwm(7)±.\,zsoGmw.ix\:yzi 

[00341 giiia5{i^->:Sr< t h--^<^mtm^<^-y 
izx-^xmm-iiztt^x't^, mm. y-hmm^^^ 

yjMX'h^. --ommm^ ■< y - y^mmmwfts: 

v^. L*»L. -«iWtlAimJ:'5:^^v^ttM5|t<^BPS 

G^mi^\.xmm:%mh-m^mmh:L\:. 

0. 0 4//mJ:0''h$V^i:SOGJgJR(i08ax^:SII 



<o:^ra(iatL<^t\ o. 04*»;^iMmg 

^m^(r)k.\.zmi-th z b mt 
(00351 zm. mwM^'<9-yizmm^iitz^-f 

-yy'liZm-m^cOitX'h^TX^^ hJt*m^J^T' 

hit^^tmmmj^^~y^mmt?>zki)iT^ 

[00361 ^w^wr>i},z\t. %=f<m 
^%mzn'>xf-vnmk'^t^^)V7v-<r,i. 0 \z% 

-yim\zm.^iihmmm><r>i.ots:^'a~)<.i\,m. 

hik*>'5 : l*>/i 1 0 : l-C'^l.3?miiilia5hT;^ 
^7Y}idf\ : liaTT'fcS^'nwC;i.S|ia5t&-i-tf 

[ 0 0 3 7 1 m^\t^%^wmmm\,zi^ o 

}^^§itl.::t*«-C#&. ft*Wt={4. ST I (Sha 
1 1 ow Trench I s o 1 a t i o n ) ^ja^ 

itl" iiPi^ffija (Isolation structu 

r e ) mmhfdtxmt^^mz^m^'^tifzm 

fig LT . s T I mfrmfMmij&m-h z t 
I.. 

[ 0 0 3 8 1 &m^iiJmmco±izmm^titz^ 
mmiiziy)m^^tii>zti)ix'ti. w*,, 
±i,zmfS.wz^mmmfm^'t^tzib<r>mimb l 
X . :^mi>zximizx 0 u 3 ymmm^tx 
mmmfi^b ixmt^ zti^x-^i. 
10 03 9] mittiijmizxmm^ixtisoGf^i: 
mitt. w-mmmt:^tii^v::}ymimizm^^^ 
wmmtf'm'<^~^y/-rhmt±^'-^y'^ 
-^hm\,zm^iit, 

[00401 =fm<-^y-/^ 1 0 o-ctiTTif o t . 

^mmifi^-^mt^^ixf\,zn^i'h<r)X'W.tL<ti: 

< , 5 0 0 'axhoiaj^tiT a , i'^-^ yyjMx- 

t\,zii^9^'v9tmsLL. ^^ixhi^')^ym\m 
i'^o^¥i^mx'hix\i. ^mmmimmm 

S<J{±^^i=I^Sixl.**'ifJ x^-rvSr^tfSOGlScT) 

«iB-ci^';3>is^i:!|*^«giJ^j-w^<E«i*«^3%$ti. a? 

oo*>^5 0ox:. adiL<«i oo*> 
4> 4 0 0 -ccoias-c 1 *>(o 5^j-<os. at u < 2 
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[004 1] ±<-df y^apgti^ti^-^y/tcit^ 

m%«^o'hX"<.-^yy-th t s i -Nig^*>'s i -o 
izxib. -mmz±xcr,s i -m^fj^s i -ofe-& 

^*-t I. S O GJ§?S$r<£ffl t T 3-r U S O G)i 
SrJgfiStL^cm. m^ftlM^no^^. S i -Nig-&*i^: 

[0042] ±<-=3f-y^(0iaK*M 0 o'c*)it'j>i. 
J^Ji:m3&9E4J-C=5rV^O'C. S i -Nfe^*«^LT 

< . ±<-^y/<7)iat7!)n 2 0 o^cj: Oi^v^j^ji. 

0 0;!)>^)1 20 0*C. L.<{i4 0 0>&><?> 1 0 0 O'C 

C 0 0 4 3 1 *>0 . i-^-dr y^^Xm^^^fSifi 1 0 

^ct •) /J^§ V ^J^Ji S O Gm<7)'> U 3 yMDS^cO« 
3!»*?E*T^V WC'S* U<^< . 1 8 0:«-SrSa-rSJ© 

<^j:\\ Dtr.X. ±K~^yyiMcomil Oi^i)^^ 
180^(7)^. MtL<«3 0^*»<^I 2 0;M-c7)Sff 

a . ±<-^y^xs{±s i -N^^S: s i -o^^t 

x'nozbimtu\ miz. *^#H»tiTpit 

imtL^\ z<^b^. nm%<DdibTAimii. 2*» 
8 6 mmmnti z t p'mt 
[ 0 0 4 4 ] fiie iti±<-^yy<omiirmms 
izjuitxT^mmzmfm^^^t. i&mm^ 
mmz^-tizbtfix'th. 
[0045] muf. ^^i)i^iimi<r)±3^m 

mz:iiy^yytxm&^tit:huyi-i:'il^. SOG 

mtfih\yyi'im±t^xdmfii^tii%^ii. mit 
xm<oi.K-^y:/ii9 0 o*>^ 1 0 0 o'CfJDiaK'Cff 

oZbimtl^\ 

[00461 m^ij^^ii^mLio^m^^tifcm^ 
(Dy-hmmi-t^. soGimy-hm^sr^^ts 
oxo izm^^tii^ii. mtmcoi.^-^ym 

6 0 0 *><i> 9 0 0-CiD?agt'^Td C: t **a^ LV^. 

[ 0 0 4 7 ] i^^if(mm(^±m^^tim 
w<o^mm^-<^-y^^?*-^ soGiK^s^jsienA-:? 

i'^-df ^^^{44 0 o*>A>4 5 o'ccoiaffi-cff a i t*^' 



[0 048] *^0BCj:l>:^(Ci-DT. SOGilfigft 
SrfiJffl 1 m<0TmX'l?.?i-i}<4 000*»f>6500A 

soGm.'^^mi-tmi>zmzm^'^^-y(D±mRi/ 

fflilffitx 7 i/|l±li t ixmit'^ 'J n yiSSr 2 0 0 
*>(5 6 0 0 AcDlf^t J^^f 1 1 S . 

[0049] *iiBBio soGm^m^m uz^w^ 
m(^m^umi.. huy^-imi.-tizb'^. ^-hm 

mxf/t ^^{MH^^rJ'-y srvm-f I. Z b \.zm^-f 
tZbrn-th, L-b^L. ^W^fizXhSOGmMi: 

v\yy^<r)7f.miLL. y-v%m-m^w^'S'-y^^ 
mtfh z b i.z\m^<7) s o Gm.m'^mm^m 
■fhzbifx'^h. m-h. ^w^cosoGmm^^ 

tiK £^-rzix^^x{zmmt^^'2mi^\^i. zn^ 
[00501 OT. ifwmmwmmmzm-rswxn 

Wizwrn-hii-. im%±ZMzi.^wmm:\\ 
[005 1] iX^y:^yiivXmM<r^'^') ttjjRS 

ractionation)tj; 0 M:«0¥*^c7):ii^4 

*M 5 0 0 *>^> 7 0 0 0 fj) o , ^^mfn^mmifi 3 . 

0*><c.4. OT^SAVW Kn.-KUi^^f'yS'lRflt 

Wi%\.fz>V\A Yur^')\^v-fy^^'yVy\,Z22 
2 5ajBSc7)iftKtC?§»?-*TXf>-^y;>y7Xffl 

[0052] ^OGmMt^AMm.-kmt'^^'^ii^ 

[ 0 0 5 3 1 H 1 {4-^^:^BlrJ^;K(0S'ft^^ff ^ s o gwhs. 
(Dms^^iti^sLrayyyX'hi,, mKoyyyX'Vm 
imm : mPa • s ) StSkU. «|!p|«4■^^:^Bf)£S 

54*»^4 2 0s-l£7)•^^^BfjIJg•C'lA»^l OmPa • 

[0054] mmmm m2i}-m8ii:^mcr) 

[00551 02mBS^St> vUay (Si ) coi 
^'5r^fls*^f>^l.pS»Kl0S:Ji«i1-S. »K10 

co±mzii, m^F^mmm^j^'y^y^^Lx huy^i 

2Srm-fl). hP:/f-l 2{4^§4 6 00At'J>'9. 
ifll 2 50AT'aiS. 

[00561 M^y^l2*>m$it?ta«10O± 

iCs fneo i 0 {csifis 6 0 0 0 

4>8 0 0 0<Oi"?A^ Ha;Ki;>'5-r>'S:-&tjS0GSI?R 
2:6 0 00-7 0 00 A<OJf;*lCffi^|fUs 1^1 SOGK 
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[0 0 57] 03Sr#M-r-l.fc, SSlSOG/glStCl 

0 o*»<o 5 0 ox:<r>m.'CiM'(> 5ii^WHIt<-^y 

^I^?rff-3 7tf^, 9 0 0*^^> 1 0 0 o°c(7)mxm 

1 3 ^izmm-th. zm. wmf^amma em 
[ 0 0 5 8 114 $:#B^-t^ i: s mnifzm 1 

'J 3 ymim l 3 a ^r-IL^Wfe J:l^««iW9fm^-ffi ( C 
MP) tcJ: O^ftcffiSl 0<7)±gi5^ffl*JEai-ri.*T 

[00 5 9] ll5S:#B3-ri.i:. U-tr;l/S:mt S 
(-b;HSiS) 0¥Sf*t»«l OtnS^T^M?*!. Ml 
tf'J> (P) S:aALTnSii^f*fflJ^2 0$rmU, 

nit^^m(B) ^>f3ryaALTpS'>x/i.3o^» 

y iP) ^^:^ymxixnm^x/u4ot:mmti. 

[0 0 60] :^U>-3JU\<WE^mWi^hfziibcr) 

om/nm'yx.j\^4oi,z^::^y^x-ti. w.^'^x. 

-^x/l^S 0Rt/^nS'>x;W4 0O^I«ffl(?3SPeSr7 -y® 
stK-fb LT P ffi-^ X ;P 3 0 at/ n X ;P4 0 c7)ft ^ffl 

(Dm<,zy-hmmiet:mfS.-t6. zm. huy 

6{4^4 0-2 0 0 AcO/I^^^W-tl.. 
[ 0 0 6 1 ] 06 i:^mi-l 7 -f KK-fblit'b 
Vyf- 1 2 l,zmiLWzmit>'V 3 >• 1 4&tK^^'- 
-fkll 6*<m§il^S«l OcD^fflt, 0!li.tfP CJ 

iaffico-fk^^^* ( L p c V D ) ^ram« L 

X. m5 0 0-^4 00 0X<7)m^t:^h^VUVay 

mt:mm-ti . ggv ^-c. ^-k 'j u ^ yjio±cj^^t y 

T >K i: y ^'X r y M s- 'y u y ^IfmX'^ 
^1 000^2000k(Omih.i^i-h^O(,ZW»Uz 

^y^/^^rym^iz^it-^oaymtrmth. 

^(Dit'^mwm ( p E c V D ) ifmmm txt^ 5 o 
0-2 0 0 0 m&^m^^^^i-h i a izm^-t^ . 

[00 62] ^'ft^'J3y^c7)±lC7* hU=JXhm^ 
ffMLitm, •7X9i:mmLXythU'JXhmt:Mm 

mzu^-t?>. mzyt\^\yi^xm^^iSLLxy-h 

SSiSrJ^BgtSJt A<7)7 * M^i^'X hA-rJ'-y 2 2 

fiSt-ri), 7:thWj/'Xh>'N°^'-y2 2$-X-yf-y:/VX 

^izmmixmit'^v^ym. :?y/xxyis, ^-fb^' 
Xs '-K'j>'U3>'>'"?^'-y24a, a'fi:^'>'^^;^T 



^'-y24b, ^y^^XTyf'^iS'-y24cRx/m-(ti^ 
•J 3 yy N-^- - y 2 4 d li-cm$ ix?t y- b mSi 2 4 G 

a, 24Gb. 24Gc. 24WL?:^^|>. ^tllZ 

2 4GaJ:y-h'7'f y24WL*{}g«§n. J^fflHISS 
^t^lC hm«i2 4 Gb&tX2 4 G c 

[006 3] ^)VTu~mmzm&^tiiy-hnM2 

4Ga, 2 4WL{4y-MSi^(:7)4if^>y7-;!,<o. 4*» 
^>lx/mfcJg^$<X. y-hmSi24Ga. 24WL<0 

7 ri::«t-|> (7)itX'h !> Tx^:? h iWi 5 : l 

*><oio : ix'himm^^im^ix^^i, rb, 

i§)ailI88^1^tCJ^«$n§y-h«ffi2 4Gb. 24 G 

ci±y-hmsiao=5f^ •y7*ti*-t4ig§<oifc-es>sr 

[0 0 64] 1217 Sr#B31-Si:, nS'>x;l^2 OtCpS 

^J;c{f4^'>?gS-'f^yaALT^'-hmfii2 4 
Gc<7)Mi|cOnS'>x;P4 0{c;pa^J$!|^Ji2 5S:je 

s&.tt.t^-o. pm^a^ji'3 0i,znmT-wea. mm 

y y^-Y:t>«ALTy-MSfii24Gb(?)Mffll<0pa 

•^/x/PS 0tCnS^M!t?!)SHi2 7 ?rJ^figL. ^'-Mt^ 
2 4 GaOpil«0pa»i'x;l'2 0 l,Zl,inmTM^m2 

[ 0 0 6 5 ] as mWcfh t . ^mWmi 1 0}l^Z% 

mmmm.^zii*)m.\'ci^')^ytmm'^^. m^2o 

0 3&>i5 6 0 0 At'i>^Mkv y a y|K3 2 ^J^J^-f-S . 

■fe;pru-<i«§-Sfl:j^U3y8ll3 2tt7:rM^ 

i^'xNKtUTSvK ^m.mm>miti^v^ym3 2ii 

S:^ttx 7 -J-y :/$tlTiSfflllIK«0:>-'- h «® 2 4 G 

b, 24GcW(aa*iX'<-Hf3 2aS:3g^1-|), 

[0 06 6] ijcfc:. laamis&cona'^x/Motpa^ 
muit^^mi^:ty}ixixp+m(oyrMmm 
mv-x. vi^-ymmmm-h, jganasso 
pm^3:ju3oi>znmppms. mui\zm (as) ^^r 

[ 0 0 6 7 ] 09 ^^mtt t . 1 o±t s 

oGmBi^m^ixm2soGm5o^mmi-h. %2 
S0GM5 ojixtryrz-x-f yi^-Hm^izi. y)mn^fi 

t, ^^fitzSOGmm.<no-iocr>f^^^ h'n;lfyi^7 
•1fyc01lft¥%^^»{i4 0 0 0*»<^.6 0 0 OX'hh. 
Z<0^. lllfejIS{4500*><i>2 500rpmX-J)l). 
S0G«5 0(47 5 0 0*»<^8 2 0 0 AcDW^^^JrWL-^ 
^r-h^24Ga, 24Gb, 24Gc, 24 

[0068] ®2SOGM5 0^1 0 0°C*><i5 

0 0 WfflJgT' 1 5^m'm'^-^yi^i t^lt. 
6 0 ox;*>(99 0 ox:<7)W&Ti o*»4> i a o^i'iai'<. 
-^yi^t:ti. '<--^ymwifiim§s,. ymsmm 
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1 . 2 *>4> 8 6maXiz^j:l X ^ izmtl . 

[ 0 0 6 9 ] ±5S UcWklS^ ji S 2 S O GH 5 

0(^s i -Nfe^jis i -o^^x-mm^ti. i^u^y 

(c. w;?^*«i^i9*><5>2oxsKiRai§^i^® 

2 'J 3 ymm 5 0a sriRff -r 1. . 

[0070] HI iSr#BS-r^t. ii2>'';3yK-(i:i^ 

5 0 a±Kl?l?oxy'?-y f 'J J: ») r;ps 

A. rJ'y^Xf-i^^t'cO^JlS-^^^-tirT. ff^SOO 

oAtfo^jsji^?Bjt-rSo ^iSii$:^ax.y^y;/io* 

ffitcJ: i|@*>'6 6 0 0 At'J>0=?^ -y 

r3&«8 4 0 0 AT'fc5^Sii''^:J'->'5 2^JgJig-rS, 

[007 1] <ji:ii, soGmmi:^^y^-T^yyi 

X. ^m^-<:!'-y52?:^^izmo Xdizm^380 
0 A*>.^> 4 5 0 0 ATa5 S H 3 S O GJi 5 4 ^J^^-r 
I., lg3SOG)^5 4C0 0^«0AVN^ Kd;K 

U ytfOfi*¥l^^)-^«ii4 500*^<^7500t' 
mi2imm-t^b. |g3SOG|«5 4Srl00 
•C*>^> 5 0 CCOiaSTl 5^^iK-^y^L. 
^f^, 4 0 0°C*»4.4 5 O'COSJSTl O**'^ 1 8 0^ 

rs±^-^y^ti. ±K-iryyiimiiLt:idiZ7ii 

SOGli5 4c7)S i -NM^fiS i -Oife^tlS^S 

m^tii, mk, m^co^mi¥(^mmj.mmx^m» 

[0072] c V u 3 ymitm<r)%miRcomm 1 2*> 
^>ia 1 2 iz9nUzif&i>zii mitm^mm<r>nz 

msS.Lfz, TX^^'hib*^'5 : 1*^^1 0 : IX'h'Om 
mUfiO . 0 4*»A> 1 /imt'J)-5^^0Ei^^^r-r-5^ 

U 3 yg'ftJlSr 4 0 0 A<7)if LJt . 

[00731 ^mmx-mm^ii^nf^j i^v^y^-t^ 

■fhsoGmm^^^y^-v-^ y^mzx ^^^m 

Wr)±.\,Z-3-T^y-fLX. m?)-if7S52±\9Ak 
000 r pmtCi9t5L;t. 

[ 0 0 7 4 ] m2 SOGM^r 1 5 0"CcOfflJtt'3^W 

m^-^y/Lii, fm^-^yyi-t;:^. sogh^ 
FT- 1 Rtj: ^±mM^m^Lfz. msM'm^- 

^y^Lfzm. FT- 1 mzx m^trzitms.^^ 
tf^yyxhh. msi-^^A-'^^Xoiz. f-m^-^y 
^Lfdm.fjr&commmx'N-H. si-H. si 

l'Xcr(tt5rXM^X^r'-i;'T'ail^L/iMm. 3. 6 3X 
108dyn/cm2 (3. 63xl0''Pa) ^^L 

[00 7 5] ^m^-^yf^ tt:S0Gmt:Mr/7 0 0 



'CCO^X' 3 0 y^LXSOGm^i^^J^y 

mmmm^z, mm<-=!^y^vt:ik. ft- 

C0B#. X b W^^iOffli^aSLTtigm- 1 . 2 2 X 1 0« 
d y n/c m2 ( - 1 . 2 2 x 1 C P a ) ^TFibt:, H 

4*^f>. SOGllrtc7)Si-N^^{iSi-Oi7)fe-^tC 

[0076] ty^^, ±aucJ:o^rx'<^ha:*«5 : 

1*^^>10 : lt'S>0SIS*^'O. 0 4*^^> l;Ltmt'*)l> 

[00771 Ci!fl:j^ u 3 y<ox «y f-y^St^jai^ 
CsoGSrfOfflUci^uayilflilKojgjS] sog^ 

t:<T (bare) -^x^NOitM^LT SOGHSr 
JBfiKUv:, SOGJi?g{4xh-y3-T^y/:^atc<J:0 
M^L. SteilSJil OOOrpmT'S)-:)-^. SOGM 

{4 7 5 0 0 *>A> 8 2 0 0 AcoJ?;*^^rr4 J; t 

[00 78] JiCtt. SOGHSOSrl 5 0'COa^-C'3 

^s^«i'<.-='ry^^L/;^, 7oox:<oiaST3^i-ig± 
K-^yytfz, ±<-^y:/ii7m^<^^m^TX'n 

V\ #H^4'<7)*^c?)-^4{41. 2i&>/?>8 6m«%t 
[00791 Ji^LytSCTS^iitT SO GISrt<^S 

i -nm^iis i -om-^i,zmm^ti. i^u^ymm 
mmw.:. m%it:'^uaymm7)mMm6 4 

OOAXh^fc. 

[00 801 :cwDumizxmimm&:<r 

(bare) ^ x~^\±l<ZV-X^XtLX >'yy:ffX 

jSLimm^xt:m l . ^ a- u r/fx t lx r}\ydyii 

>^^flMUTHDP (Hi gh Density PI 
as ma) C VDS^tJi^mt/Oc Jg^$*lJtCVD 

mm(r>w.Mm 6 o o o a-cS) . 
[0081] csssix ^y^yifffmm!^'^ rmmmz 

izx y)m&wzcvDmmzicitx&:j^'y^y-/ 

tT-^<Oi^lBI^?v%. -Scoii#ISI<OlSIIBtJ:0x.y^y 
^<7)3M^a!l^Lfc. S9^L^fiS«i&015*»'i>ia2O 

i,zyyybLX^lfz. 

[ 0 0 8 2 1 la 1 5{4*IIMWtcJ; OSitStitiJ-fCli 
i: c VD^rSKJ: mm^iimmizy 'y^Ty=t- 

A Sr-^tf JS»X .y f- y ( N H4 F at/H F 
*(D. I wate r) -C^U^jgfg) T'Sa25 

ysx «y ^ y^^gEStrS^-f 7 ffcl. . 
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[ 0 0 8 3 ] 01 6{i*^M: i mi&^iifzmm 

JS(DI : HF=10 0 : 1) 2:ffifflUTS«B2 5X;T 

[ 0 0 8 4 ] II 1 7tt*iiMMi:: ct mm^timm 

tCVDimiZi: ')!SJi$iXfci?«CNH,OH : 
Oj : HzO^^O. 25:1: 5c7)it$TlM-^$iX^v!X-y 

( 0 0 8 5 ] 0 1 8ii:mmmizx mi^^titzmm 

LX 1 6 5X:-CSiCx.yf->'^^^ffV^^(:!&<(^>. l o^J-<o 

c 0 0 8 6 ] 0 1 sii^mmmizi: mm^titzmm 
tc\/Dijmizx*)m^titzmmiz. h^so, : h 

2 02*56 : l<7)it$TlI^$ix:'::?§?S?-x.yf-y7'?St 
ffifflLT 1 3 0'"CTigjtx-yf-y7'S:1tV^=5r*>'^5. 1 0 

^j-wfan-cm L/ix .y yxh 

[ 0 0 8 7 ] 02 o\t:mmmi.zx mm^fxfzmm 
tcv\)-Hm^zi, ^^^fitzmmz. NH4OH : 

H2O2 : HjO^^O. 25:1: SOJt^-CS^Sn/i 

x-y^y^/Jg^iffflLT 5 0'■CT'S5^:x-y^y^^^T^^ 
5SrA^<i. 10^Sli'C«ISL/cx«y-?-y;/jSSS:*-r/ 

[0088] im.:!^yi->ymm^') ifmm\z 

J; Oi?ii§ix/::M^l:MtcvD*-at3j: m^iitzm. 

#AL;t^, |Hl-=5rx.yf-y^;^x;&(tfflttK«WC 
x-yf-y^^j$jg?raS^Uco ^A'y^^'l*l<7)E:>3{i3 Om 

Torr (4. 0 P a ) tH^^L, ^^WN'l^ICOffi^JJi 
17OOWC'S>0, <Sffl;<?"xi;L-C{iC6F8. C4F8. 
O2, Ar $:#'«?8 s c cm ( S t an da r d Cu 
bic Centimeters per Minut 
e)^ 4sccm, 6sccm, 500sc cm<OS^ 
'CmXtX:J^-y'i-y'!^^XbLXmL-k, x.y^y/ 

§• 2 0 wmiX'W.mi\izmr . X 'v^yym. 

^ay^Lit. a!l€$n;'::x>yf-y:/c7)2lli&02 ifc^^ 

[0 0 891 111 53!)>*>li2 ltcSH-J:3{=. ;®Sx-y 

^yi/S.tm^x.y^y:?"^t;J3V^T. ^^SSMtcJ:-:. 
TJBfiSc^fL/c u 3 ySS^kl^cox .y ^y 
cvD:ft«icj; OJ^figStL/c^'U ^yK^t^t^&fc'Sm 
:3:x.yf•y^^a[KS•Srfi^: IM-^T. *^1IS 

[ 0 0 9 0 ] . 2|KfSHM«RmW<irlliit J; S i: . 



rX'^^ hJt*^5 : l*><c.lO: 1 -CS) OOljSf^O . 0 

A Ym\^'y')oymmmm^^ti:i^x'^h. 

[009 1] 

[^BBcO^S*] *^BJ{:J:l.i;, SOGSrfWtT, 2 
5 6^;iria*>^>^«$tLl.¥fflS2:*L^*«A>;K-f h'^ 
mt^V^v'Jnyi^-fbliSrjg^tS^fcA^T'^l., ± 

^mm.iM^xh I. i t {i '^m^za \.^xmm 

mi^<n^\,zm-fh:it<,i^f^^ tX'hh . 

[01 ] i?.w^<r)-mmmi<zi:hsoGmm(n^/Jsm 
ts.cni&mz^of^m.^ti:^-ty7yx'hh . 

[02] *^J^SIifiWfcJ:SiNit«^B^i^U3y 

mimmmjm-^^-tfz)fimmmx'hh. 

[03 ] *^BBc7)-||Si<5!i{cJ; s^^filj^atoi^'J ay 

[04 ] *l|Bjo-iiite»lfc J: s^Nlfl^ficoi/ 3 y 

i?^k]i<ojeBg*&&^-r/ito<r)airffi0T'^>s . 

[05] *5&HB(?)-|lifiMfc J; h ^i/mm.<^i^ 'jay 

[06 ] *l&BBco-^SSi5iJt iS^^f^Soi^'jay 
i?{bJ^£OjgfiK^ra$:*-r/;J6«offliH0T'S> s . 
[07 ] J; a y 

[08] *%aHc^-^W=J:-2.*^{*^acOS/i;3y 
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